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Cardiovascular disease in diabetes mellitus

Prognosis and treatment of cardiovascular disease
in Diabetes mellitus

P. T. Sawicki, M. Berger

Cardiovascular disease is the leading cause of mortality both in Type 1 (insulin-dependent) and in Type 2 (non-insulin-
dependent) patients. Reduction of this excessive cardiovascular mortality rate is possible and represents the main aim of diabe-
tes care. However, some aspects of cardiovascular disease may differ between diabetic and non-diabetic patients. In this article
we provide an overview of diagnostic and treatment strategies in patients with diabetes and coronary heart disease. J Clin Basic

Cardiol 1999; 2: 22-33.
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Primary prevention of coronary heart disease
in diabetes mellitus

It has been estimated that coronary artery disease is present
in every second unselected diabetic patient. Several studies
from all over the world show that patients with insulin-de-
pendent-diabetes (Type 1) exhibit a dramatic excess in mor-
tality compared to non-diabetic subjects. While acute, meta-
bolic complications dominate the causes of death in patients
with short diabetes duration, long term excess mortality is
restricted almost exclusively to those 30 to 40 % of Type 1
diabetic patients who develop diabetic nephropathy during the
course of the disease: Borch-Johnsen found a high excess
mortality only in those Type 1 patients who developed per-
sistent proteinuria (ie, clinical diabetic nephropathy), while
patients with normal proteinuria had a mortality rate similar
to that of the general population (Figure 1) [1]. Nephropathy
is, however, not the direct cause for increased mortality rates
in these patients. Although the risk of progression to renal
failure is high in Type 1 diabetes with macroalbuminuria, in
Europe only few Type 1 patients will die a renal death, be-
cause renal replacement therapy is, in general, available to all
patients with end stage renal failure. Much rather, cardiovas-
cular events represent the main cause of death in patients with
diabetic nephropathy. Due to yet unknown factors the inci-
dence of coronary heart disease starts to rise soon after devel-
opment of overt proteinuria (Figure 2) [2]. This is very dif-
ferent from the situation in non-insulin-dependent-diabetes
(Type 2); in these patients coronary heart disease and elevated
albumin excretion in urine often precede the development of
diabetes. Interestingly, the distributions of the causes of death
is very similar in Type 1 diabetic patients with nephropathy
and in Type 2 diabetes. In two long-term follow-up trials we
have described the causes of death in 85 Type 1 patients with
overt diabetic nephropathy [3], and in 216 consecutive Type
2 diabetic patients [4]. Cardiac mortality was the leading cause
of death in both Type 1 and Type 2 diabetes. The distribution
of the different causes of death in both groups is shown in
Table 1. Recently, a large prospective finish follow-up study
in Type 1 patients described in patients with diabetic neph-
ropathy a 126- and 58-fold relative increase in mortality due
to cardiovascular diseases for women and for men respectively,
while mortality rates were only modestly elevated in patients
with normal renal function [5].The cumulative incidence of
cardiovascular disease by the age of 40 years was 43 % in Type
1 diabetic patients with nephropathy and 7 % in those with-
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Figure 1. Relative mortality among patients with persistent
protein-uria (upper curves) and without proteinuria (lower curves)
as a function of current age. ----- women; — men [1]. Relative
mortality is calculated comparing the absolute mortality of diabetic
patients to mortality of the general population in Denmark.

lllustration omitted for reasons of copyright.

Figure 2. Cumulative incidence of coronary heart disease in
insulin-dependent diabetic patients with (e—e) and without (o—o)
proteinuria [2]
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Table 1. Causes of death over a period of 9 years in 85 patients
with insulin dependent diabetes mellitus (IDDM) and overt diabetic
nephropathy [3], and over a study period of 15 years in 216
patients with non insulin dependent diabetes mellitus (NIDDM) [4]

Causes of death IDDM patients with NIDDM patients

follow-up diabetic nephropathy
Cardiovascular 52 % 46 %
Cerebrovascular 18 % 15 %
Septicaemia 9% 11 %
Malignoma 0% 8 %
Hypoglycaemia 6 % 0%
Other 15 % 20 %

out. When compared to patients with normal renal function
the presence of nephropathy increased the risk of coronary
heart disease and stroke 10-fold.

It has been recognized for decades that the risk of coronary
events is increased in Type 2 diabetic patients [6]. Most stud-
ies have found that the higher the level of glycaemia, the greater
was the risk for cardiovascular disease. In a study summariz-
ing results in different population cohorts this risk ratio for
men rose from 0.34 to 6.07 from the lowest to the highest
glycaemia percentile [7]. The question remains, however,
whether this association is causal [8]. Interestingly, the posi-
tive association between cardiovascular risk and glycaemia is
not only present in Type 2 diabetes but is also operative in
non-diabetic subjects. In the 20-year evaluation of three Eu-
ropean cohort studies the cardiovascular mortality risk was
increased in the upper 2.5 % of the non-diabetic range of gly-
caemia [9]. This indicated that even non-diabetic “hypergly-
caemia” may represent a marker of an elevated cardiovascular
risk.

Most surprisingly, until now, there are only two prospec-
tive randomised intervention studies investigating the eftect
of blood glucose lowering on cardiovascular complications [ 10,
11]. The first study — the University Group in Diabetes Project
(UGDP) - failed to show any positive effect of the anti-
hyperglycaemic interventions [10]. Recently, the results of the
second study — the United Kingdom Prospective Diabetes
Study (UKPDS) — have been published [11]. In this study
intensive blood glucose lowering policy aiming at fixing plasma
glucose levels below 6 mmol/L did not result in a significant
reduction in mortality (relative risk: 0.94, p = 0.44). The risk
of myocardial infarction was non-significantly reduced (rela-
tive risk: 0.84, p = 0.052).

In summary, the excess risk to develop a coronary heart
disease in Type 1 diabetes is almost exclusively due to those
patients who develop diabetic nephropathy. As this renal com-
plication can be prevented by good glycaemic control [12],
primary prevention of cardiovascular disease should be possi-
ble in Type 1 diabetic patients. On the contrary, in elderly
Type 2 diabetic patients coronary heart disease develops for
unknown reasons before diabetes becomes manifest. There-
fore, in these patients effective primary prevention through
antidiabetic treatment does not appear possible.

Association between elevated urinary albumin
excretion and coronary heart disease

Although excretion of small but abnormally elevated quanti-
ties of albumin in the urine may be an early feature of diabetic
glomerular disease it is also found in non-diabetic subjects. In
an investigation of healthy, normotensive, untreated factory
workers with a mean age of 50 years the prevalence of
microalbuminuria (albumin excretion > 20 ug min™') was

2.2 % [13]. In the Islington Diabetes Survey, including ran-
dom patient selection from general practice, microalbumin-
uria was found in 9.4 % non-diabetic subjects and in 23 % of
newly diagnosed diabetic patients [14]. In this study there was
a significant correlation between the albumin excretion rate
and both systolic and diastolic blood pressure values. Increased
prevalence rates of microalbuminuria in non-diabetic patients
with essential hypertension have been described repeatedly. A
survey of patients from general practice found a prevalence of
microalbuminuria of 10 % in hypertensive patients compared
to 4 % in normotensives and 23 % of diabetic patients [15].
Among a hospitalised group of nearly 400 hypertensive non-
diabetic patients the prevalence of microalbuminuria was
27 % [16]. In this study, albumin excretion rates were corre-
lated with 24-hour blood pressure readings, and they were
increased in patients with hypertensive retinopathy, cardiac
ventricular hypertrophy and reduced glomerular filtration rate.
In obese subjects elevated urinary albumin excretion is asso-
ciated with hypertension, body mass index, and body fat dis-
tribution [17].

Elevated albumin excretion rates predict cardiovascular
mortality risk also in non-diabetic populations. In the Framing-
ham study a cohort aged 50-62 years at entry was followed up
for 16 years [18]; proteinuria above 200 mg/l was associated
with a threefold increase in mortality. In a 4 year follow-up
study of non-diabetic subjects albuminuria independently of
other cardiovascular risk markers strongly predicted death,
coronary heart disease and peripheral vascular disease [14].
Different mechanisms could be involved in an elevated uri-
nary albumin excretion. Such mechanisms include renal
haemodynamic changes, secondary to the direct transmission
of raised systemic pressure to the glomerular arteriolar net-
work [19]. Also, direct effects of endothelial damage and/or
permselectivity changes of the glomerular filtering barrier and/
or altered tubular albumin reabsorption and structural dam-
age to the glomerula and arterioles are likely to play a role in
the amount of albumin found in the urine [20].

Several reports have shown that microalbuminuria is al-
ready present before or very early in the course of Type 2 dia-
betes. Non-diabetic subjects with impaired glucose tolerance
or a parental history of diabetes already have an increased
prevalence of microalbuminuria [21]. Elevated albumin ex-
cretion is associated with insulin resistance [22, 23] and hence,
microalbuminuria may precede the development of Type 2
diabetes [24]. This comes as no surprise, since in non-dia-
betic subjects microalbuminuria is associated with high blood
pressure, high insulin concentrations, low high-density lipo-
protein cholesterol concentrations and high triglyceride con-
centration, a cluster of risk markers typical for prediabetic
subjects. In the Kuopio study, including more than 1000 par-
ticipants (aged 65-74 years) as many as 30 % of normo-
glycaemic subjects had microalbuminuria [24]. During the
3.5 years follow-up 69 subjects newly developed diabetes and
70 % of those already had an elevated albumin excretion at
the entry into the study.

The nature of albuminuria in Type 2 diabetic patients is
heterogeneous. This is different from patients with Type 1
diabetes in whom microalbuminuria hallmarks the presence
of glomerular lesions typical for diabetic nephropathy in most
cases. While microalbuminuria predicts overt proteinuria in
80 % of Type 1 diabetic patients, only 20 % of microalbumin-
uric Type 2 diabetic patients will progress to overt nephropa-
thy [25]. In biopsy studies of unselected microalbuminuric
Type 2 diabetic patients only about 30 % have glomerular
changes typical for diabetic nephropathy, while 30 % have non-
specific histological kidney lesions and the rest has a normal
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renal structure [26]. Hence, despite the presence of micro-
albuminuria, a large proportion of Type 2 diabetic patients does
not have any renal disease. In addition, in those with renal
histopathology microalbuminuria is associated with elevated
markers of endothelial dysfunction, such as von Willebrand
factor [27]. Suggesting that some of the renal structure ab-
normalities in microalbuminuric Type 2 diabetic patients are
related to endothelial dysfunction rather than being a sign of
typical diabetic renal disease.

Since albuminuria is associated with several risk markers
and predictors of cardiovascular disease, it should therefore
predict itself in mortality and cardiovascular morbidity in
univariate analyses. However, several studies in Type 2 dia-
betic patients have unanimously suggested that microalbumin-
uria independently of other known cardiovascular risk mark-
ers predicts all-cause mortality mainly by increasing the risk
for cardiovascular events. In a 3.4-years follow-up study
microalbuminuric Type 2 diabetic patients showed a highly
significant excess mortality, chiefly from cardiovascular causes,
being 28 % compared to those without microalbuminuria of
4 % only; in this study 50 % of deaths were caused by cardio-
vascular events [28]. The higher the albumin excretion rate
the higher the risk of death: In a three year follow-up study
Type 2 diabetic patients with normoalbuminuria had 2 5 %
risk of death compared to 10 % in those with microalbuminuria
and 26 % in macroalbuminuric patients [29]. Similar results
were obtained in a 8-year follow-up trial where mortality
was 32 % in initially normoalbuminuric Type 2 diabetic pa-
tients and 56 % in those with elevated albuminuria [30].
Deaths due to cardiovascular disease occurred in 7 % of pa-
tients with normoalbuminuria and in 26 % of patients with
micro- or macroalbuminuria. Only two patients died due to
renal causes. Microalbuminuria nearly doubles the risk of dying
of a cardiovascular cause, with a mortality risk due to a large
vessel disease of about 70 % [31]. Interestingly, Stechouwer
found that microalbuminuria in Type 2 diabetic patients was
associated with an increased risk of new cardiovascular events
only in the presence of endothelial dysfunction as indicated
by elevated von Willebrand factor [32]. In conclusion, elevated
urinary albumin excretion represents a powerful predictor of
cardiovascular mortality in Type 2 diabetic patients, apparently
unrelated to hyperglycaemia. The mechanisms of the patho-
physiological link between albuminuria and cardiovascular
disease remain to be elucidated.

Silent myocardial ischaemia

Numerous studies have suggested that silent myocardial is-
chaemia is 2-5 times more common in diabetic patients than
in others [33]. Hence, using symptoms of angina in patients
with diabetes has a poor sensitivity for the diagnosis of coro-
nary heart disease. In prospective studies 32 to 42 % of dia-
betic patients lack angina on infarction, compared with only
6-15 % of non-diabetic patients [33]. The lack of anginal pain
accompanying critical ischaemia represents a clinical phenom-
enon, which is not fully understood. Langer et al. showed
that silent myocardial ischaemia was more prevalent in dia-
betic patients with autonomic neuropathic dysfunction, 38 vs.
5 % [34]. An autopsy study has shown that in diabetic pa-
tients with painless infarction, the autonomic nerve fibers of
the heart display typical lesions of autonomic neuropathy that
may affect sensory impulse transmission [35]. In Type 1 dia-
betic patients the risk for silent myocardial ischaecmia may al-
ready be more prevalent at the stage of incipient diabetic ne-
phropathy. Myocardial ischaemia (as detected by stress
echocardiography) without any symptoms of angina was found

in 25 % Type 1 diabetic patients with microalbuminuria but
in only in 6 % of normoalbuminuric Type 1 diabetic patients
[36].

In about 30-70 % of asymptomatic Type 2 diabetic patients
24-hour ambulatory electrocardiography shows ST-segment
depression characteristical of myocardial ischaemia without
symptoms of angina [37, 38]. However, in diabetic patients
non-invasive tests may not be sufficiently reliable for the di-
agnosis of coronary heart disease. Valensi et al. found a high
prevalence of left ventricular hypertrophy among those with
a false positive ECG stress test, thallium 201 myocardial scin-
tigraphy and ambulatory 48 hour ECG recordings [39]. At
least one of these tests was positive in 30 % of asymptomatic
Type 1 (n = 17) and Type 2 (n = 75) diabetic patients. But,
only 10 % had significant coronary stenosis on coronary angio-
graphy. In a study in 136 asymptomatic Type 1 and Type 2
diabetic patients the results of a non-invasive test battery for
signs of coronary heart disease were compared with the diag-
nosis made by coronary angiography [40]. 40 patients (30 %)
had at least one pathological non-invasive test result, but only
12 (9 %) had significant coronary narrowing on coronary an-
giography. False positive results occurred in 56 % on thallium
scintigraphy, but only in 7 % on exercise electrocardiography.

Prognosis after myocardial infarction

It is well established that the presence of diabetes increases
the mortality rate after acute myocardial infarction (AMI) 1.5
to 3-fold [41, 42]. Mortality from AMI before hospital ad-
mission is about 20-30 % and does not differ between dia-
betic and non-diabetic patients [43]. Of those diabetic patients
who reach the hospital 60-80 % are still alive one year later,
compared to 80-90 % of non-diabetic patients [41, 44, 45]. In
arecently published part of the prospective MONICA Study
28 % of diabetic patients died during the first month and
44 % during the first year after AMI [43, 46]. The relative
increase in mortality risk seems to be higher in diabetic women
than in men: In the Rancho Bernardo study the relative risk
of death attributed to ischaemic heart disease was increased
2.5 fold for men and 3.4 fold for women compared to non-
diabetic control subjects after adjustment for confounding
factors [47].

Increased AMI mortality in diabetic patients may have sev-
eral explanations. First, diabetic patients experience more se-
vere coronary atherosclerosis and more often multivessel dis-
case [42], which doubles their risk for a subsequent re-inf-
arction [48]. Also, some [49] but not all [46] studies reported
that diabetic patients have larger and more frequent anterior
infarcts, which are associated with a poorer prognosis than
inferior myocardial infarctions. Second, congestive heart fail-
ure and cardiogenic shock are more common and more se-
vere in diabetic patients than would be predicted from infarc-
tion size [42]. Hence, development of severe congestive heart
failure after AMI occurs more often in diabetic patients and
thereby contributes to the higher case fatality [50]. Third, dia-
betic patients are more likely than non-diabetics to have fatal
ventricular arrhythmias after AMI [46, 51] and AV block II1
[45]. Fourth, beta-blocker treatment in coronary heart disease
is less frequently used in diabetic patients [45, 52, 53]. This
occurs despite the fact that all large intervention studies have
convincingly shown that betablocker treatment in diabetic
patients after AMI is even more effective than in non-diabetic
patients [54—60] (Table 2). Hence, withholding betablockers
in diabetic patients with coronary heart disease doubles their
mortality risk [45, 61]. Fifth, Type 2 diabetic patients are of-
ten treated with oral antidiabetic sulphonylurea agents, which
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Table 2. Overview of acute (up to 3 months) and long-term (more
than 1 year) effects of beta-blocker treatment after acute myocardial
infarction (AMI) on relative mortality in patients with and without
diabetes

Study Non-diabetic patients Diabetic patients

Beta-blockers and acute reduc-
tion of mortality after AMI

Goteborg Metoprolol Trial [54] 36 % 58 %
MIAMI Trial [55] 12% 50 %
ISIS 1 [56] 15 % 22 %
Malmberg et al. [57] 29 % 69 %
Beta-blockers and long-term

reduction of mortality after AMI

BHAT [58] 25 % 35%
Gundersen et al. [59] 34 % 63 %
Kjekshus et al. [60] 49 % 56 %

may increase the risk of dying during critical myocardial is-
chaemia [62]. Sixth, proliferation of smooth muscle cells is
involved in the healing of the ulcerated coronary plaque [63,
64] and fosters plaque stabilization through synthesis of mac-
romolecules that strengthen the fibrous cap [65]. Endothelial
dysfunction and insulin resistance at the cellular smooth mus-
cle level, which is a frequent feature of Type 2 diabetes [66],
may impair the coronary healing processes and plaque
stabilization.

Ventricular arrhythmias

Diabetic patients have an increased risk of dying from sudden
death, presumably due to fatal ventricular arrhythmia [46, 51].
We have looked at the causes of death in 85 Type 1 diabetic
patients with hypertension and diabetic nephropathy during
a mean follow-up period of 9 years [3]. Total mortality was
nearly 40 %, over 60 % of which was due to cardio- or cere-
brovascular causes, there were no renal deaths (Table 1). Sud-
den and unexpected deaths, which accounted for 30 % of
mortality, occurred only in patients with a maximum QT in-
terval duration in the ECG of = 450 ms”2. On life table analy-
sis, the group of patients with the longest maximal QTc dura-
tion, which was arbitrary defined as > 470 ms”2, had a signifi-
cantly increased mortality risk (Figure 3).

QT prolongation predisposes to ventricular arrhythmias
in patients with and without diabetes presumably by increas-
ing the risk of ventricular re-entry tachycardias and ventricu-
lar fibrillation. Most patients with diabetic nephropathy ex-
hibit some degree of autonomic neuropathy [67] with a re-
duced vagal activity which can lead to alteration of the QT
interval increasing the risk of sudden death [68]. However,
QT prolongation may also be directly caused by myocardial
cell defects [69] which lead to a reduced electrical stability
predisposing to ventricular arrhythmia. Such cellular defects
may be caused by (silent) ischaemia and/or myocardial fibro-
sis in patients with coronary artery disease. In addition, vol-
ume overload and/or hypertension can reduce the threshold
for arrhythmia through an increased ventricular wall stress.
Also, renal failure, diuretic treatment and treatment with an-
giotensin converting enzyme inhibitors (ACEI) can induce
electrolyte imbalances leading to reduced myocardial stabil-
ity. Furthermore, patients with diabetic nephropathy have an
increased risk of severe hypoglycaemia. Prolongation of the
QT interval occurs during very low blood glucose concentra-
tions and may increase the risk of arrhythmic death in predis-
posed patients [70]. In patients with newly diagnosed Type 2
diabetes the cumulative incidence of sudden death after 4.5

lllustration omitted for reasons of copyright.

Figure 3. Kaplan-Meier curves of survival over the study period of
5-13 years of 85 patients with insulin dependent diabetes mellitus
(IDDM) and overt diabetic nephropathy and maximal QTc intervals
> 470 ms” and < 470 ms” at baseline p = 0.0004 (log rank test)
(3]

years is about 10 % of all fatal events [71] and prolonged QT
interval and QT dispersion are important predictors of car-
diac death in these patients [4, 72]. Patients with impaired
glucose tolerance and Type 2 diabetic patients with long QT
intervals have been found to have an increased risk of sudden
death [73] caused by torsade-de-points and ventricular fibril-
lation [74]. We have followed 216 consecutive Type 2 diabetic
patients for a period of 15 years to delineate the impact of the
QT interval duration on total and cardiac mortality [4]. Dur-
ing the follow-up period 158 patients (73 %) died. In the final
model, independent predictors of total mortality were the
length of QT dispersion corrected for heart rate (QTc disper-
sion), age, male sex, systolic blood pressure, total cholesterol,
HDL cholesterol, presence of diabetic retinopathy and mi-
cro- or macroproteinuria. Of the 108 patients with a QTc dis-
persion above the median of 0.0686 s 101 died during the
follow-up as compared to 57 of those with a lower/equal length
of QTc dispersion (Figure 4). There was a continuous increase
in the mortality risk with prolongation of the QTc dispersion.

In non-diabetic patients a prolonged QTc interval and/or
QTc dispersion were described as markers for excess mortal-

lllustration omitted for reasons of copyright.

Figure 4. Kaplan-Meier curves of survival over the study period of
15-16 years of 216 patients with non insulin dependent diabetes
mellitus and a QTc dispersion at baseline below and above the
median of 0.0686 s”2; p = 0.0001 (log rank test) [4]
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ity in chronic heart failure, hypertrophic cardiomyopathy,
coronary heart disease, peripheral artery disease and after
myocardial infarction [4]. Such co-morbidity is particularly
frequent in Type 2 diabetic patients and is expected to con-
tribute to the increased mortality risk. Disturbed glucose
metabolism of the heart may directly contribute to an im-
paired myocardial electrical stability. In a recent report of the
Zutphen Elderly Study QTc duration was associated with cir-
culating levels of insulin and glucose intolerance [75]. Hence,
reduced myocardial glucose uptake may be involved in im-
paired cardiac repolarisation as indicated by a prolongation of
the QT interval. As shown in Type 1 and Type 2 diabetes, a
QT dispersion prolongation may also result from cardiac
adrenergic dysinnervation with altered balance of sympathetic
and parasympathetic cardiac nerve activity leading to a reduced
electrical stability [68, 76, 77]. Regional myocardial hypoxia
and dysinnervations may lead to focal QT prolongation in-
creasing the QT dispersion [78]. Such prolonged QTc dis-
persion indicates the presence of electrical myocardial in-
homogenity, which can be expected to create a potential dif-
ference during repolarisation and generate an excitatory cur-
rent of a sufficient magnitude to reexcite the fibers with the
shorter action potential duration and consecutively lead to re-
entry arrhythmias [79]. Likewise, blockade of adenosine tri-
phosphate-dependent potassium channels by sulphonylurea
drugs is known to lengthen repolarisation and produce early
afterdepolarisations which may cause triggered activity in the
hypoxic myocardium and may even lead to fatal ventricular
tachyarrhythmias [80-82].

Revascularization treatment

Percutaneous transluminal coronary angioplasty (PTCA) and
coronary artery bypass graft surgery (CABG) have both been
proven effective in coronary revascularization. However, in
nephropathic diabetic patients the risks of postoperative renal
failure, stroke and low output syndrome after CABG, and the
risk of radiocontrast-induced acute renal failure and coronary
restenosis after PTCA represent major limitations to both
methods of coronary revascularization [83, 84]. In a prospec-
tive follow-up study in 268 diabetic patients, one month after
CABG mortality was 6.7 % in diabetic patients versus 3.0 %
in non diabetic patients [85]. Mortality after the first month
during the 2 year follow-up was 7.8 % vs. 3.6 % respectively.
In a randomised intervention study performed in diabetic pa-
tients after myocardial infarction and thrombolytic therapy,
invasive strategy including PTCA and CABG resulted in a 3-
fold increase in mortality (14.8 % versus 4.2 %, p < 0.001) as
compared to a conservative strategy [86]. Regretfully, to date
there are no other randomized prospective trials after myo-
cardial infarction comparing invasive revascularization strat-
egy with conservative therapy in diabetic patients.

PTCA has been reported to have a lower rate of acute mor-
tality when compared to CABG. However, the increased risk
of restenosis after PTCA in diabetic patients limits the value
of PTCA. The frequent restenosis after PTCA in diabetic pa-
tients has been attributed to an exaggerated intimal hyperpla-
sia caused by endothelial dystunction, which is a frequent fea-
ture of diabetic nephropathy even during the early course of
the disease [87, 88]. Hence, theoretically, PTCA would result
in poorer long-term outcomes in these patients when com-
pared to CABG. One retrospective 6-year cohort study [89]
reported increased total mortality after PTCA when compared
to CABG (37 % vs. 30 %); but these results were not con-
firmed by another retrospective investigation, which showed
anon-significantly lower 5-year mortality of 11 % atter CABG

as compared to 14 % after PT'CA [90]. Clearly, non-random-
ized retrospective studies are only of limited value for com-
paring the effects of these two revascularization strategies. Also,
one randomized prospective study had not sufficient power
to find differences between PTCA and CABG in the diabetic
subgroup of the study patients [91]. The only prospective
randomized follow-up study comparing PTCA and CABG
in a sufficiently large group of diabetic patients reported a five-
year survival of 81 % for CABG and 66 % for PTCA [92]. In
this study in-hospital mortality in diabetic patients was higher
for CABG (1.2 %) versus PTCA (0.6 %) [92]. The worse
long-term outcome after PTCA was caused by a higher long-
term cardiac mortality being 21 % in the PTCA group and
6 % in the CABG group. These results were attributed to a
beneficial effect of CABG with internal mammary artery graft-
ing in diabetic patients, because in the CABG group cardiac
mortality was 3 % in patients who received an internal mam-
mary artery grafting compared to 18 % in those with a saphe-
nous vein graft [92].

In summary, both PTCA and CABG result in poorer mor-
bidity and mortality results in diabetic patients compared to
those without diabetes; patients with diabetic nephropathy are
at a particular risk of an adverse outcome. Any superiority of
both invasive revascularization treatment strategies over con-
servative drug therapy has not as yet been demonstrated. If
revascularization is needed because of severe angina, prelimi-
nary studies advocate that CABG with internal mammary ar-
tery grafting is probably superior to PTCA.

Glycaemic control, oral antidiabetic agents
and insulin

Several studies suggest an increasing gradient of cardiovascu-
lar risk with decreasing glucose tolerance, increasing glycae-
mia and glycosylated haemoglobin [94, 95]. In contrast, a re-
view of several epidemiological studies found only a small and
inconsistent effect of mild hyperglycaemia on cardiovascular
disease risk, especially after adjustment for other known car-
diovascular risk markers [8, 96].

In IDDM patients’ maintenance of near normoglycacmic
control has been shown to prevent the development of
microangiopathic complications, ie, diabetic nephropathy,
retinopathy and neuropathy [12]. This may also apply to
younger Type 2 diabetic patients [11, 97]. Since the reduction
of life expectancy in Type 1 diabetic patients is restricted to
those patients who develop diabetic nephropathy [1] (Figure
1), it can be assumed that prevention of diabetic nephropathy
by near-normoglycaemia will near-normalise the incidence of
cardiovascular complications in Type 1 diabetic patients. In
fact, such a trend has already been described in large inter-
vention trials in Type 1 and Type 2 diabetic patients [11, 12].

On the other hand, beneficial effects of hypoglycaemic
treatment on microvascular complications have not been dem-
onstrated in a representative group of Type 2 diabetic patients,
who are, in Europe, on average older than 65 years. In fact,
there is no evidence that blood glucose lowering will have a
beneficial effect on morbidity or mortality from macrovascular
disease in an average patient with Type 2 diabetes [8]. In the
UGDP in patients who were treated with oral antidiabetic
agents (the sulphonylurea tolbutamide or the biguanide phen-
formin) cardiovascular mortality was significantly increased
when compared to insulin or placebo [10]. In contrast to these
findings and without any further evidence as to safety or ben-
efit in diabetic patients with coronary artery disease, sulpho-
nylurea derivatives have represented the main treatment strat-
egy in Type 2 diabetic patients for decades. Recently, a patho-
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physiological explanation has been proposed for the increase
of cardiovascular mortality in Type 2 diabetic patients treated
with these agents. Sulphonylurea derivates exert their primary
eftect by closing so-called adenosine-5“-triphospate-depend-
ent potassium (Katp) channels in the beta cell of the pan-
creas, which promotes an influx of calcium and subsequent
stimulation of insulin release. However, the same channels
play an important role in the protection of the myocardial tis-
sue against ischaemia and their closure leads to amplified is-
chaemic damage [62]. Blocking the K*tarp-channels by
sulphonylureas during acute myocardial ischaemia abolishes
the protective effect of preconditioning, increases calcium in-
flow and thereby the ischaemic and reperfusion injury, de-
creases coronary blood flow, deteriorates myocardial function,
and may increase the risk of re-entry arrhythmias. Besides
previously conducted animal experiments, recent findings in
humans have provided the pathophysiological plausibility for
the hypothesis, as sulphonylureas appear to aggravate the hy-
poxaemic damage to the myocardium in the case of coronary
occlusion or stenosis [98-101]. In fact, this hypothesis fits
well the observation that the alleged cardiotoxic effect of
sulphonylureas appears to exert itself in an increased lethality
of myocardial infarctions or cardiac death rates, rather than
by increasing the incidence of cardiovascular morbidity [10].
As a result of the UGDP Study the biguanide agent phen-
formin has been removed from the U.S. market for “immi-
nent hazard”. Surprisingly, without any further data on end-
point effectivity and safety of biguanides, we now have to face
a “renaissance” of the biguanide and sulfonylurea therapy in
Type 2 diabetic patients. Recently, doubts about the safety of
this combination therapy with regard to mortality have been
published [102]. In an evaluation of 1136 patient-years in two
U.S. open and controlled studies all seven deaths occurred
in the patients originally assigned to metformin treatment, of
whom six patients received a combination of metformin and
sulfonylurea, while no deaths occurred in the control groups,
p < 0.01. As a consequence of this report, FDA representa-
tives admitted that “... more information is needed about the
safety of metformin ... (and) ... a large study is now under
way in the United States, which is designed to compare total
mortality (and) mortality from cardiovascular causes ... for
patients with Type 2 diabetes receiving metformin ...”.
These results were confirmed by the data from the UKPDS
[103]. In this trial, treatment with metformin reduced mor-
tality in overweight diabetic patients, but the combination of
sulfonylurea and metformin increased mortality. Regretfully,
the UKPDS study was not designed to rule out the effect of
treatment with sulfonylureas in Type 2 diabetic patients with
cardiovascular complications [ 104]. Patients with clinically rel-
evant coronary artery disease were excluded during the re-
cruitment process: the entire cohort included but 3 % of pa-
tients with a history of angina pectoris (excluding those with
present angina), 2 % with a history of myocardial infarction,
and patients with heart failure were also excluded [105]. The
evaluation of the effect of sulfonylureas on the risk of mortal-
ity in diabetes is also impossible because the main aim of the
study was to investigate the effect of glycaemic control on dia-
betes complications, and therefore in patients with unsatis-
factory control sulfonylurea treatment was changed. After 6
years about 50 % of the patients originally assigned to sulfonyl-
urea therapy were switched to other medication [106]. If
50 % of a study population does not remain in the original
treatment group, an intention-to-treat-analysis is not reliable.
Recently, the results of the Diabetes mellitus, Insulin Glu-
cose Infusion in Acute Myocardial Infarction study (DIGAMI)
have been presented in a series of original publications [107-

109]. In this prospective randomised trial a total of 620 dia-
betic patients with acute myocardial infarction were
randomized either to an acute treatment with glucose-insulin
infusion followed by multidose subcutaneous insulin for more
than 3 months, or to a control group, which was treated in
most cases with diet and oral hypoglycaemic medication. Af-
ter a follow-up of 12 months 18.6 % of insulin treated pa-
tients and 26.1 % of the control patients have died resulting in
areduction of relative mortality by 29 %. During the first year
of treatment the number of fatal reinfarctions was significantly
reduced from 45 % in the control group to 28 % in the insulin
group. After a mean follow-up of 3.4 years there were 33 % of
deaths in the insulin group compared to 44 % in the control
group. This substantial difference in mortality can hardly be
due to long-term differences in the degree of metabolic con-
trol: HbAlc-levels at 3 months were 7.1 % compared to 7.5 %
and at 1 year 7.3 % compared to 7.6 %. This insignificant dif-
ference is most unlikely to result in a clinically apparent change
of the prognosis of the diabetic patients following myocardial
infarction [110]. Much rather, the difference in the mortality
rate between the groups may probably be explained by the
insulin-glucose infusion in the intervention group [111] and
a higher proportion of patients treated with sulphonylurea
drugs in the control group [110].

Pending further evidence, the oral antidiabetic agents
sulfonylureas and biguanides should not be used in diabetic
patients with cardiovascular heart disease because of suspected
cardiac toxicity. To date, insulin is the only hypoglycaemic
agent, which has been proven as both safe and effective in
Type 2 diabetic patients with coronary heart disease.

Antihypertensive treatment

Recently, the risk of mortality associated with hypertension
in diabetes was assessed in 3648 newly diagnosed Type 2 dia-
betic patients [71], hypertension was present in 35 % of women
and 46 % of men. When compared to normotensive diabetic
patients the mortality risk associated with hypertension was
doubled over a median follow-up period of 4.6 years. Cardiac
events including sudden death accounted for 58 % and stroke
for 13 % of all causes of death. In proteinuric diabetic patients
the prevalence of hypertension rises to 80-90 %, and there is
no doubt that it adds considerably to the already increased
morbidity and mortality risk in Type 2 diabetic patients and is
the major determinant of the prognosis in nephropathic Type
1 diabetic patients.

Conventional antihypertensive treatment

Most patients with Type 2 diabetes have or will develop es-
sential hypertension. At the beginning of this decade, large
intervention trials performed in older patients with essential
hypertension included about 10 % Type 2 diabetic patients
[112-115]. These trials have impressively shown that antihy-
pertensive treatment with low-dose thiazide diuretic agents
often combined with potassium sparing-diuretics and cardio-
selective betablockers reduce morbidity and mortality both in
patients with systolic and/or diastolic hypertension. These trials
provided no hints that these beneficial effects would not be
operative in diabetic patients.

Nevertheless, it has been speculated that such benefit of
conventional antihypertensive treatment with low-dose thi-
azide diuretics and beta-blockers will be offset in diabetic pa-
tients, because some negative effects on metabolic parameters
such as serum lipids, insulin sensitivity and blood glucose have
been reported for these agents in some studies. To resolve
this issue, a subgroup analysis of a large prospective randomized
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controlled study has focused on the effect of conventional
antihypertensive treatment with a low-dose diuretic and a
cardioselective betablocker in Type 2 diabetes [115]. 583 Type
2 diabetic patients and 4149 non-diabetic patients with systolic
hypertension had been randomized to receive low dose
chlorthalidone along with atenolol. Outcome rates included
cardiac events, stroke and mortality. Not only was the con-
ventional antithypertensive treatment eftective in reducing the
study events in diabetic patients, but the benefit was twice as
great as in non-diabetic patients, resulting in an absolute risk
reduction of 101 per 1000 study participants with diabetes and
51 per 1000 study participants without diabetes. Moreover,
this study provided information that conventional antihyper-
tensive treatment does not have clinically important influence
on blood glucose levels and serum lipids [116]. Because they
are proven to reduce cardio- and cerebrovascular morbidity
and mortality low dose diuretic agents and cardioselective
betablockers should be preferentially used in the pharmaco-
logical treatment of hypertensive patients both with and with-
out diabetes.

Recently, we have investigated the effects of intensified
antihypertensive treatment strategies in a high risk group of
Type 2 diabetic patients, all of whom were hypertensive and
micro- or macroproteinuric and nearly all of them insulin
treated [117]. All patients were on antihypertensive medica-
tion and half of them participated, in addition, in an ambula-
tory hypertension treatment and teaching programme (inter-
vention group) aimed at improving patients’ compliance to
pharmacological and non-pharmacological therapy. Antihyper-
tensive therapy in the intervention group was based upon con-
ventional treatment with diuretics and betablockers, while the
kind of treatment in the control group was left to the decision
of the patient’s family practitioner. Participation in this pro-
gramme resulted in a persistent improvement in the quality
of blood pressure control. After a mean follow-up of four years
the combined incidence of cardio- and cerebrovascular events
was reduced from 26 % in the control group to 14 % in the
intervention group (Figure 5).

Angiotensin converting enzyme inhibitors (ACEI)

Despite the indisputable benefits of diuretic/betablocker-based
antihypertensive treatment the use of these agents has de-
creased steadily over the past decade especially in hyperten-
sive diabetic patients. This development was associated with
exceptionally heavy promotion of more expensive antihyper-
tensive medication [118, 119]; it took place despite the com-
plete lack of evidence that the use of these newer agents, like
ACE-inhibitors and calcium channel blockers, would decrease
cerebro- and cardiovascular morbidity and mortality outcomes
in hypertensive patients with and without diabetes. In fact, the
only published randomized placebo-controlled study which
has — up to 1998 — investigated the effect of ACE-inhibitors on
clinical endpoints merely showed a non-significant reduction
of cardiovascular events and no influence on cerebrovascular
events as compared to placebo [120]. This study investigated
a subgroup of 2652 high risk hypertensive patients with left
ventricular dysfunction as a part of the SOLVD study. In this
study enalapril significantly reduced chronic heart failure mor-
bidity, while the number of strokes was exactly the same as in
patients receiving placebo. In addition, in a preliminary re-
port of the Captopril Prevention Project (CAPPP), which
compared the ACE-inhibitor captopril with conventional an-
tihypertensive treatment using diuretics and/or betablockers
in 11,000 hypertensive patients the incidence of cardiovascu-
lar events was comparable between the groups, but stroke oc-
curred significantly more often in the captopril group [121].

lllustration omitted for reasons of copyright.

Figure 5. Kaplan-Meier curves of survival in non-insulin
dependent diabetic patients with micro- or macroproteinuria until
a cardiovascular or cerebrovascular event treated according to an
intensified antihypertensive therapy regimen (n = 50) and in the
routine antihypertensive therapy group (n = 50) [117]

Despite their use for nearly 20 years, there is still an astonish-
ing lack of any valid data on ACE-inhibitor treatment in pa-
tients with diabetes and essential hypertension as compared
to conventional antihypertensive treatment based on thiazide
diuretic agents. This is particularly troubling as one small study
described an increase in mortality in Type 2 diabetic patients
treated with the ACE-inhibitor captopril as compared to con-
ventional antihypertensive treatment [122]. In the UKPDS
intensive antihypertensive treatment using the betablocker
atenolol or ACE-inhibitor captopril resulted in a reduced risk
of micro- and macrovascular complications and death. The
study did not have the power to rule out clinically important
differences between these two antihypertensive agents. How-
ever, a non-significant trend in favour of the betablocker was
noticed. Therefore, further studies are needed before ACE-
inhibitors can be regarded as equivalently effective to the con-
ventional antihypertensive therapy. Thus, convincing evidence
for safety and effectivity of newer antihypertensive agents with
regard to the cardio- and cerebrovascular morbidity and mor-
tality is needed, before these agents can be used as the first
line antihypertensive therapy in hypertensive diabetic patients
with and without cardiovascular disease. More than ten ma-
jor studies have shown beyond any doubt that ACEI treat-
ment improves survival in patients with clinical heart failure
with and without myocardial infarction. These studies did not
indicate that the results would be different in diabetic patients.
However, in contrast to non-diabetic patients, diabetic patients
with severe heart failure face an increased risk of renal func-
tion impairment during treatment with ACEIs [123]. This
may occur because of a rather high risk of clinically silent re-
nal artery stenosis in Type 2 diabetic patients [ 124, 125]. Also,
treatment with ACE-inhibitors may lead to an increased risk
of severe hypoglycaemia in Type 2 diabetic patients using in-
sulin or sulfonylureas [126-129]. Furthermore, these studies
also confirmed that cardioselective betablocking agents do not
increase the risk of severe hypoglycaemia.

In summary, ACEIs should be given diabetic patients with
heart failure. However, special caution should apply with re-
gard to the risk of renal failure and severe hypoglycaemia when
using ACE-inhibitors in Type 2 diabetic patients.

Calcium channel blockers

Until recently no mortality endpoint data were available for
the treatment with calcium channel blockers in diabetic pa-
tients. Nevertheless, these agents have been widely recom-
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mended for antihypertensive treatment in diabetic patients
despite the fact that they have repeatedly been shown to in-
crease mortality in patients with coronary heart disease in
randomized trials [ 130-132]. Recently, evidence accumulated
from three randomized prospective studies that treatment of
diabetic patients with calcium channel blockers results in an
increase of cardiovascular morbidity and mortality when com-
pared to other antihypertensive agents. In the MIDAS study
the calcium channel blocker isradipin was compared with the
diuretic hydrochlorothiazide [133]: isradipine lead to an in-
creased risk of cardio- and cerebrovascular events, especially
in patients with raised glycosylated haemoglobin levels [134].
In the ABCD trial in hypertensive Type 2 diabetic patients
treatment with nisoldipin resulted in a five-fold increased risk
for fatal and non-fatal myocardial infarction when compared
to enalapril (25/235 vs. 5/235) [135]. In the FACET study
amlodipine doubled the risk of cardio- and cerebrovascular
events as compared to fosinopril (27/191 vs. 14/189) [136]. In
a metaanalysis of intervention studies comparing different
antihypertensive agents in patients with coronary heart dis-
ease, treatment with betablockers resulted in a 24 % reduc-
tion of cardiac morbidity and mortality risk, while calcium
channel blockers increased this risk by 63 % [137].

In summary, calcium channel blockers should not be used
as first line agents in hypertensive patients with diabetes. And,
most importantly, the studies comparing calcium channel
blockers with other treatment provided the evidence that
despite similar blood pressure reduction, different antihyper-
tensive agents may lead to different results regarding the re-
duction of cardio- and cerebrovascular events. Hence, re-
commendations of antihypertensive agents as first-line drugs
must not be based on surrogate markers but rather on valid
clinical end-points.

Antihypertensive treatment in Type 1 diabetes

The two major aims of antihypertensive treatment in hyper-
tensive Type 1 diabetic patients with diabetic nephropathy are
the prevention of dialysis and the reduction of the increased
risk of cardiovascular mortality. In nephropathic insulin de-
pendent diabetic patients, treatment with ACE-inhibitors was
associated in two studies with a slower loss of kidney func-
tion as compared to placebo [138] or to a betablocker [139].
However, in both studies blood pressure values were signifi-
cantly lower with the ACE-inhibitor treatments when com-
pared to the respective control groups [140, 141]. It is of note
that in other randomized intervention studies, in which blood
pressure control was kept comparable between the study
groups, there was no difference in the decline on GFR when
comparing ACE-inhibitors to placebo [142] or a betablocker
[143]. In metaanalyses including controlled and uncontrolled
studies ACE-inhibitors have been reported to be more eftec-
tive than other antihypertensive agents with regard to the re-
duction of albuminuria and proteinuria [ 144], but equally ef-
fective with regard to their influence on the decline of
glomerular filtration rate (GFR) in diabetic nephropathy [145].
These results have been attributed to the effect of ACE-in-
hibitors on the charge of the glomerular basement membrane
which influences glomerular albumin leakage; this action is,
however, without impact on the progression of glomerular
histopathological changes and, hence, on the decline of GFR
[20]. In nephropathic Type 1 diabetic patients, the ACE-in-
hibitor lisinopril was reported to reduce albuminuria, but to
result in an accelerated loss of GFR when compared to the
calcium channel blocker nisoldipine [146]. Thus, there is still
no evidence for a specific, ie, blood pressure independent,
beneficial effect of any antihypertensive agent including ACE-
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Figure 6. Kaplan-Meier curves of patients’ survival in hypertensive
insulin dependent diabetic patients with diabetic nephropathy
treated according to an intensified antihypertensive therapy
regimen (n = 45) and in the routine antihypertensive therapy group
(n = 46) [148]

inhibitors on the progression of diabetic nephropathy as meas-
ured by the progression to renal replacement therapy or by
the decline of GFR.

Recently, we have shown that it is possible to achieve a
stabilisation of glomerular filtration rate in nephropathic Type
1 diabetic patients over a period of two years, if in addition to
good glycaemic control blood pressure is permanently nor-
malised [147]. The antihypertensive drug therapy was based
on a random allocation to an open treatment either with an
ACEI, a calcium channel blocker or a cardioselective beta-
blocker. As assessed by inulin clearance, we have found no
differences between the investigated drugs regarding the per-
centage of patients with stable renal function and the course
of GFR.

In a 5 years prospective intervention study we have dem-
onstrated that an intensification of antihypertensive treatment
with first line therapy based upon cardioselective betablockers
and diuretics in Type 1 diabetic patients with diabetic neph-
ropathy is associated not only with a reduction of the progres-
sion of nephropathy and retinopathy but also with a major
improvement in life expectancy (Figure 6) [148]. In this study
mortality was 56 per 1000 patient years (py) in the control
group as compared to 9 per 1000 py in the intervention group.
The leading causes of death were cardiovascular. Also, in stud-
ies with historical control groups, antihypertensive treatment
based on betablockers and diuretics resulted in a major de-
crease of mortality in patients with diabetic nephropathy [ 149,
150]. However, this was not the case in all studies on antihy-
pertensive treatment in patients with diabetic nephropathy: A
3-year study in patients with diabetic nephropathy comparing
the effects of captopril with placebo showed that mortality
was not significantly decreased, despite blood pressure reduc-
tion and slowing of progression of renal failure (mortality:
placebo: 23/1000 py; captopril 13/1000 py.; n.s.) [138]. Fur-
thermore, in a randomized prospective 3-year study in pa-
tients with different causes of renal failure including diabetic
nephropathy treatment the ACE-inhibitor benazepril de-
creased blood pressure, slowed progression of nephropathy,
but increased total mortality (benazepril: 11/1000 py; placebo:
1.5/1000 py; p = 0.04) [151].

To date a reduction of mortality in diabetic nephropathy
has been adequately documented only for conventional anti-
hypertensive treatment based on diuretics and cardioselective
betablockers. It is of note that a lack of any benefit [138] or
even a negative effect [122, 151] on total and cardiovascular
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mortality during antihypertensive treatment with ACE-inhibi-
tors in patients with diabetic nephropathy can not be excluded.
A potential for an increased cardiovascular mortality risk with
ACE-inhibitors may be particularly present when treatment
is aimed at very low blood pressure values, as is often the case
in patients with nephropathy. Also, in patients with renal fail-
ure, ACE-inhibitors confer a considerable risk of hyperkalae-
mia. This risk may be low in patients with normal renal func-
tion but becomes increasingly common (5-50 %) in those with
renal insufficiency [152, 153]. Life threatening hyperkalae-
mia during treatment with ACEI and particularly in diabetic
patients with renal failure has been reported [154-156]. In
addition, in diabetic patients and in patients with renal fail-
ure, ACE-inhibitors reduce erythropoetin secretion and con-
secutively circulating haemoglobin concentrations [157-159].
This may have particularly detrimental effects in diabetic pa-
tients with kidney failure and coronary heart disease, because
any worsening of anaemia may further compromise the oxy-
gen delivery to the ischaemic myocardium.

Available evidence strongly supports antihypertensive treat-
ment in diabetic nephropathy. As a consequence of available
mortality endpoint results of intervention studies, the treat-
ment should be based on cardioselective betablockers and diu-
retics as first line agents. Until newer antihypertensive com-
pounds, such as ACE-inhibitors, have been shown in pro-
spective controlled studies to have at least equally beneficial
effects on mortality in diabetic nephropathy and/or to be su-
perior with regard to slowing the progression of renal failure,
these classes of drugs should only be used as second line or
additive treatment.

Nicotine replacement therapy

Several large prospective cohort studies have shown that dia-
betic patients who smoke have an approximately two-fold in-
creased mortality risk with the main cause of death being car-
diovascular [160-164]. Smoking increases blood pressure in
patients with diabetic nephropathy [165] and may contribute
to the progression of diabetic nephropathy [166]. Patients with
end stage renal disease, who smoke, run a particularly high
mortality risk [167].

Programmes to help diabetic patients to stop smoking have
so far been unsuccessful [168]. Even an extensive behaviour
therapy anti-smoking intervention programme’s outcome was
as poor as a single unstructured anti-smoking advice given by
a physician [169]: Only 11 % agreed to participate in a “stop
smoking programme” and 6 months after the intervention
non-smoking was confirmed only in 5 % of the behaviour
therapy group and 16 % of the physicians advice group. How-
ever, since nicotine replacement therapy has been shown to
double the success of smoking cessation in non diabetic pa-
tients [170], such intervention is worth trying, even though
studies showing satisfactory smoking cessation rates in dia-
betic patients are still lacking.

Cholesterol lowering therapy

Total serum cholesterol has been shown to be a predictor of
cardiovascular mortality and morbidity in middle-aged Type
2 diabetic patients. Until recently, evidence about the effects
of cholesterol lowering on morbidity and mortality in dia-
betic patients was lacking. A subgroup analysis of the Hel-
sinki Heart Study [171] using gemfibrocil as lipid-lowering
drug described a 5-year incidence of major cardiovascular
events in Type 2 diabetic patients of 3.4 % in the intervention
and 10.5 % in the placebo group, however, this difference was

not statistically significant (p = 0.19). In a double blind five
year study in patients with myocardial infarction, which in-
cluded 3573 non-diabetic and 582 diabetic patients, with
plasma total cholesterol levels below 240 mg/dl, treatment with
pravastatin, an inhibitor of 3-hydroxy-3hydroxymethyl co-
enzyme A reductase (statin), resulted in a 23 % (p = 0.001)
reduction in major coronary events in non-diabetic patients
and in a 25 % reduction (p = 0.05) in diabetic patients [172].
Recently, a subgroup analysis of the 4S-Study focused on Type
2 diabetic patients with previous myocardial infarction or an-
gina pectoris has been published [173]. In this study
simvastatin significantly reduced major coronary events by
55% (p = 0.002); a trend towards a reduction in total mortal-
ity by 43 % (p = 0.087) was also reported.

Based on the results from intervention studies, it seems
reasonable to treat diabetic patients under 65 years of age, who
have signs of coronary artery disease, with a statin, when total
serum cholesterol concentrations exceed 200 mg/dl, or low
density lipoprotein concentrations exceed 130 mg/dl.

Aspirin

In an overview of published intervention studies in nearly
47,000 patients (including 10 % diabetic patients), aspirin given
in doses between 100 and 400 mg/day has been shown to re-
duce the risk of myocardial infarction and stroke in patients
with high risk of such events [174]. In this analysis diabetic
patients on aspirin had 17 % fewer vascular events whereas
relative risk reduction was 22 % in non-diabetic patients. Over-
all, aspirin treatment resulted in an about 30 % reduction in
the risk of myocardial infarction. In the Veterans Administra-
tion study including 231 diabetic men with limb gangrene or
recent amputation, aspirin and dipyridamole did not reduce
the incidence of cardiovascular events [175]. In the early treat-
ment of retinopathy study diabetic patients treated with 650
mg aspirin per day had a 13 % lower risk of cardiovascular
death when compared to placebo [176]. Hence, available evi-
dence suggests treatment with aspirin in diabetic patients with
coronary heart disease [177].

References

1. Borch-Johnsen K, Andersen PK, Deckert T. The effect of proteinuria on rela-
tive mortality in Type 1 (insulin-dependent) diabetes mellitus. Diabetologia
1985; 28: 590-6.

2. Jensen T, Borch-Johnsen K, Kofoed-Enevoldsen A, Deckert T. Coronary heart
disease in young Type 1 (insulin-dependent) diabetic patients with and with-
out nephropathy: Incidence and risk factors. Diabetologia 1987; 30: 144-8.

3. Sawicki PT, Dihne R, Bender R, Berger M. Prolonged QT interval as a pre-
dictor of mortality in diabetic nephropathy. Diabetologia 1996; 39: 77-81.

4. Sawicki PT, Kiwitt S, Bender R, Berger M. The value of QT interval disper-
sion for identification of total mortality risk in non insulin dependent diabetes
mellitus. J Intern Med 1998; 243: 49-56.

5. Tuomilehto J, Borch-Johnsen K, Molarius A, Rastenyte D, Sarti C, Reunanen
A. Incidence of cardiovascular disease in Type 1 (insulin dependent) diabetic
subjects with and without diabetic nephropathy in Finland. Diabetologia 1998;
41: 784-90.

6. Joslin EP. The treatment of diabetes mellitus. Lea & Febinger, Philadelphia
1928.

7. Stamler R, Stamler J. International Collaborative Group based on studies in
fifteen populations. I Chron Dis 1979; 32: 683-837.

8. Barrett-Connor E. Does hyperglycemia really cause coronary heart disease?
Diabetes Care 1997; 20: 1620-3.

9. Balkau B, Shipley M, Jarrett R], Pyérili K, Pyorili M, Forhan A, Eschwege E.
High blood glucose concentrations is a risk factor for mortality in middle-
aged nondiabetic men. Diabetes Care 1998; 21: 360-7.

10. University Group Diabetes Programme. A study of the effects of hypoglycemic
agents on vascular complications in patients with adult onset diabetes. Diabe-
tes 1976; 25: 1129-53.

11. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose
control with sulfonylureas or insulin compared with conventional treatment
and risk of complications in patients with Type 2 diabetes (UKPDS 33). Lan-
cet 1998; 352: 837-53.

12. The Diabetes Control and Complications Trial Research Group. The effect of
intensive treatment of diabetes on the development and progression of long-



REVIEWS

Cardiovascular disease in diabetes mellitus

J Clin Basic Cardiol 1999; 2: 31

13.

14.

15.

16.

18.

19.

20.

2

—

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

36.

37.

38.

39.

40.

4

—_

term complications in insulin-dependent diabetes mellitus. N Engl ] Med 1993;
329: 977-86.

Zavaroni I, Bonini L, Gasparini P, Zuccarelli A, Dall’aglio E, Barilli L, Cioni F,
Strata A, Reaven M. Dissociation between urinary albumin excretion and vari-
ables associated with insulin resistance in a healthy population. ] Int Med 1996;
240: 151-6.

Yudkin JS, Forrest RD, Jackson CA. Microalbuminuria as a predictor of vascu-
lar disease in non-diabetic subjects. Lancet 1988; ii: 530-3.

Hoéhner D, Fliser D, Klimm HP, Ritz E. Albuminuria in normotensive and
hypertensive individuals attending offices of general practitioners. ] Hypertens
1996; 14: 655-60.

Cerasola G, Cottone S, Mule G, Nardi E, Mangano MT, Andronico G,
Contorno A, Vecchi ML, Galione P, Renda F, Piazza G, Volpe V, Lisi A, Ferrara
L, Panepinto N, Riccobene R. Microalbuminuria, renal dysfunction and car-
diovascular complication in essential hypertension. ] Hypertens 1996; 14: 915—
20.

. Basdevant A, Cassuto D, Gibault T, Raison J, Guy-Grand B. Microalbuminuria

and body fat distribution in obese subjects. Int J Obesity 1994; 18: 806-11.
Kannel WB, Stampfer MJ, Castelli WP, Verter J. The prognostic significance of
proteinuria: The Framingham study. Am Heart J 1994; 108: 1347-52.
Brenner B, Meyer TW, Hostetter TH. Dietary protein intake and the progres-
sive nature of kidney disease: the role of hemodynamically mediated glomerular
injury in the pathogenesis of progressive glomerular sclerosis in ageing, renal
ablation and intrinsic renal disease. N Engl ] Med 1982; 307: 652-9.

Sawicki PT, Berger M. Measuring progression of diabetic nephropathy. Re-
view. Europ J Clin Invest 1994; 24: 651-5.

. Haftner SM Gonziles C, Valdez RA, Mykkinen L, Hauzda HP, Mitchell BD,

Monterosa A. Stern MP. Is microalbuminuria part of the prediabetic state?
The Mexico City Diabetes Study. Diabetologia 1993; 36: 1002-6.

Groop L, Ekstrand A, Forsblom C, Widen E, Groop PH, Teppo AM, Eriksson
J. Insulin resistance, hypertension and microalbuminuria in patients with Type
II (non-insulin-dependent) diabetes mellitus. Diabetologia 1993; 36: 642-7.
Niskanen L, Laakso M. Insulin resistance is related to microalbuminuria in
patients with type II (non-insulin-dependent) diabetes mellitus. Metabolism
1993; 42: 1541-5.

Mykkinen L, Haffner SM, Kuusisto J, Pyo6rili K, Laakso M. Microalbuminuria
precedes the development of diabetes. Diabetes 1994; 43: 552-7.

Mogensen CE. Microalbuminuria as a predictor for clinical diabetic neph-
ropathy. Kidney Int 1987; 31: 673-89.

Fioretto P, Mauer M, Brocco E, Velussi M, Frigatto F, Muollo B, Sambartaro
M, Abeterusso C, Baggio B, Crepaldi G, Nosadini R. Patterns of renal injury
in NIDDM patients with microalbuminuria. Diabetologia 1996; 39: 1569-76.
Fioretto P, Stehouwer CDA, Mauer M, Chiesura-Corona M, Brocco E, Carraro
A, Bortoloso E, van Hinsbergh VWM, Crepaldi G, Nosadini R. Heterogene-
ous nature of microalbuminuria in NIDDM: studies of endothelial function
and renal structure. Diabetologia 1998; 41: 233-6.

Mattock MB, Morrish NJ, Viberti CG, Keen H, Fitzgerald AP, Jackson G.
Prospective study of microalbuminuria as predictor of mortality in NIDDM.
Diabetes 1992; 41: 736—41.

Stiegler H, Standl E, Schulz K, Roth R, Lehmacher W. Morbidity, mortality,
and albuminuria in Type 2 diabetic patients: a three-year prospective study of
a random cohort in general practice. Diab Med 1992; 9: 646-53.

Neil A, Hawkins M, Potok M, Thorogood M, Cohen D, Mann J. A prospec-
tive population-based study of microalbuminuria as a predictor of mortality in
NIDDM. Diabetes Care 1993; 16: 996-1003.

. MacLeod JM, Lutale J, Marshall SM. Albumin excretion and vascular deaths

in NIDDM. Diabetologia 1995; 38: 610-6.

Stehouwer CDA, Nauta JJP, Zeldenrust GC, Hackeng GC, Donker AJM,
Ottolander GJH. Urinary albumin excretion, cardiovascular disease and en-
dothelial dysfunction in non-insulin-dependent diabetes mellitus. Lancet 1992;
340: 319-23.

Nesto RW, Phillips RT. Asymptomatic myocardial ischemia in diabetic pa-
tients. Am ] Med 1986; 80 (Suppl C): 40-7.

Langer A, Freeman MR, Josse RG, Steiner G, Armstrong PW. Detection of
silent myocardial ischemia in diabetes mellitus. Am J Cardiol 1991; 67: 1073—
8.

5. Fearman I, Faccio E, Milei J. Autonomic neuropathy and painless myocardial

infarction in diabetic patients: Histologic evidence of their relationship. Am J
Cardiol 1973; 32: 1-7.

Earle KA, Mishra M, Morocutti A, Barnes D, Stephens E, Chambers J, Viberti
GC. Microalbuminuria as a marker of silent myocardial ischaecmia in IDDM
patients. Diabetologia 1996; 39: 854-6.

Chiariello M, Indolfi C, Cotecchia MR, Sifola C, Romano M, Condorelli M.
Asymptomatic transient ST changes during ambulatory ECG monitoring in
diabetic patients. Am Heart J 1985; 110: 529-34.

Aronow WS, Mercando AD, Epstein S. Prevalence of silent myocardial ischemia
detected by 24-hour ambulatory electrocardiography, and its association with
new coronary events at 40 months follow-up in elderly diabetic and non-dia-
betic patients with coronary artery disease. Am J Cardiol 1992; 69: 555-6.
Valensi P, Sachs RN, Lormeau B, Taupin JM, Ouzan J, Blasco A, Nitenberg A,
Metz D, Paries J, Talvard O, Leutenegger M, Attali JR. Diabetes & Metabo-
lism 1997; 23: 409-16.

Koistinen MJ. Prevalence of asymptomatic myocardial ischaemia in diabetic
subjects. Br Med J 1990; 301: 92-5.

. Behar S, Boyko V, Reicher-Reiss H, Goldbourt U. Ten year survival after acute

myocardial infarction: Comparison of patients with and without diabetes. Am
Heart J 1997; 133: 290-6.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

66.

67.

68.

69.

70.

71.

72.

Aronson D, Rayfield EJ, Chesebro JH. Mechanisms determining course and
outcome of patients who have had acute myocardial infarction. Ann Intern
Med 1997; 126: 296-306.

Lehto S, Pyorili K, Miettinen H, Rénnemaa T, Palomiki P, Tuomilehto J,
Laakso M. Myocardial size and mortality in patients with non-insulin-depend-
ent diabetes mellitus. J Intern Med 1994; 236: 291-7.

Ulvenstam G, Aberg A, Bergstrand R, Johannsson S, Pennert K, Vedin A,
Wilhelmsen L, Wilhelmsson C. Long-term prognosis after myocardial infarc-
tion in men with diabetes. Diabetes 1985; 34: 787-92.

Karlson BW, Herlitz ], Hjalmarson A. Prognosis of acute myocardial infarction
in diabetic and non-diabetic patients. Diab Med 1992; 10: 449-54.
Miettinen H, Lehto S, Salomaa V, Mihénen M, Niemelid M, Haffner S, Pyorili
K, Tuomilehto J. Impact of diabetes on mortality after the first myocardial
infarction. Diabetes Care 1998; 21: 69-75.

Barrett-Connor E, Wingard DL. Sex differential in ischemic heart disease mor-
tality in diabetics: a prospective population based study. Am J Epidemiol 1993;
118: 489-96.

Lundberg V, Stegmayr B, Asplund K, Eliasson M, Huhtasaari F. Diabetes as a
risk factor for myocardial infarction: population and gender perspectives. J
Intern Med 1997; 241: 485-92.

Weitzman S, Wagner GS, Heiss G, Haney TL, Slome C. Myocardial infarct
site and mortality in diabetes. Diabetes Care 1982; 5: 31-5.

Jaffe AS, Spadaro JJ, Schechtman K, Roberts R, Geltman EM, Sobel BE. In-
creased congestive heart failure after myocardial infarction of modest extent in
patients with diabetes mellitus. Am Heart J 1984; 108: 31-5.

Czyzyk A, Krélewski AS, Szablowska S, Alot A, Kopczynski J. Clinical course
of myocardial infarction among diabetic patients. Diabetes Care 1980; 3: 526—
9.

Gurwitz JH, Goldberg J, Chen Z, Gore JM, Alpert JS. B-blocker therapy in
acute myocardial infarction: Evidence for underutilization in the elderly. Am
J Med 1992; 93: 605-10.

Lowel H, Dinkel R, Hérmann, Stiebler J, Gortler E. Herzinfarkt und Diabe-
tes. Ergebnisse der Augsburger Herzinfarkt follow-up Studie 1985-1990. Diab
Stoffw 1996; 5: 19-23.

Hjalmarson A, Elmfekdt D, Herlitz J, Holmberg S, Malek I, Nyberg G. Eftfect
on mortality of metoprolol in acute myocardial infarction, a double-blind
randomised trial. Lancet 1981;ii: 123-7.

The MIAMI Trial Research Group. Metoprolol in acute myocardial infarc-
tion. N Engl ] Med 1985; 6: 199-226.

ISIS-1 (First International Study on Infarct Survival) Collaborative Group.
Randomised trial of intravenous atenolol among 16027 cases of suspected acute
myocardial infarction. Lancet 1986; ii: 57-66.

Malmberg K, Herlitz J, Hjalmarson A, Ryden L. Effects of metoprolol on mor-
tality and late infarction in diabetics with suspected acute myocardial infarc-
tion. Eur Heart J 1989; 10: 423-8.

Beta-blocker Heart Attack Trial Research Group. A randomised trial of pro-
pranolol in patients with acute myocardial infarction. I. Mortality results. JAMA
1982; 247: 1707-14.

Gundersen T, Kjekshus JK. Timolol treatment after myocardial infarction in
diabetic patients. Diabetes Care 1983; 6: 285-90.

Kjekshus J, Glipin E, Cali G, Blackey, Henning H, Ross J. Diabetic patients
and beta-blockers after acute myocardial infarction. Eur Heart ] 1990; 11: 43—
50.

Jonas M, Reicher-Reiss H, Boyko V, Shotan A, Mandelzweig L, Goldbourt U,
Behar S, for the Bezafibrate Infarction Prevention (BIP) Study Group. Use-
fulness of beta-blocker therapy in patients with non-insulin-dependent diabe-
tes mellitus and coronary artery disease. Am J Cardiol 1996; 771: 1273-7.
Leibowitz G, Cerasi E. Sulfonylurea treatment of NIDDM with cardiovascu-
lar disease: a mixed blessing. Diabetologia 1996; 39: 503—14.

Davies MJ. Stability and instability: two faces of coronary atherosclerosis: the
Paul Dudley White Lecture, 1995. Circulation 1996; 94: 2013-20.
Weissberg PL, Clesham GJ, Bennett MR. Is vascular smooth muscle cell pro-
liferation beneficial? Lancet 1996; 347: 305-7.

. Libby P. Molecular basis of acute coronary syndromes. Circulation 1995; 91:

2844-55.

Enderle MD, Benda N, Schmuelling RM, Haering HU, Pfohl M. Preserved
endothelial function in IDDM patients, but not in NIDDM patients, com-
pared with healthy subjects. Diabetes Care 1998; 21: 271-7.

Moglgaard H, Christensen PD, Hermansen K, Serensen KE, Christensen CK,
Mogensen CE. Early recognition of autonomic dysfunction in microalbumin-
uria: significance for cardiovascular mortality in diabetes mellitus? Diabetologia
1994; 37: 788-96.

Tentolouris N, Katsilambros N, Papazachos G, Papadogiannis D, Linos A,
Stamboulis E, Papageorgiou K. Correct QT interval in relation to the severity
of diabetic autonomic neuropathy. Europ J Clin Invest 1997; 27: 1949-54.
Towbin JA. New revelations about the long-QT syndrome. N Engl J Med
1995; 333: 384-5.

Marques JLB, Geaorge E, Peacey SR, Harris ND, Macdonald IA, Cochrane T,
Heller. Altered ventricular repolarisation during hypoglycaemia in patients with
diabetes. Diab Med 1997; 14: 648-54.

The Hypertension in Diabetes Study Group. Hypertension in Diabetes Study
(HDS): II. Increased risk of cardiovascular complications in hypertensive Type
2 diabetic patients. ] Hypertens 1993; 11: 319-25.

Naas AA, Davidson NC, Thompson C, Cummings F, Ogston SA, Jung RT,
Newton RW, Struthers AD. QT and QTc dispersion are accurate predictors of
cardiac death in newly diagnosed non-insulin dependent diabetes: cohort study.
Br Med J 1998; 316: 745-6.



REVIEWS

J Clin Basic Cardiol 1999; 2: 32

Cardiovascular disease in diabetes mellitus

73.

74.

75.

76.

77.

78.

79.

80.

8

—

82.

83.

84.

85.

86.

87.

88.

89.

90.

9

—_

92.

93.

94.

95.

96.

97.

98.

Curb JD, Rodrigues BL, Burchfiel CM, Abbott RD, Chiu D, Yano K. Sudden
death, impaired glucose tolerance, and diabetes in Japanese American men.
Circulation 1995; 91: 2591-5.

Abo K, Ishida Y, Yoshida R, Hozumi T, Ueno H, Shiotani H, Matsunaga K,
Kazumi T. Torsade de point in NIDDM with long QT intervals. Diabetes
Care 1996; 19: 1010.

Dekker JM, Feskens EJM, Schouten EG, Klootwijk P, Pool J, Kromhout D.
QT duration is associated with levels of insulin and glucose tolerance. Diabe-
tes 1996; 45: 376-80.

Bellavere F, Ferri M, Guarini L, Bax G, Piccoli A, Cardone C, Fedele D. Pro-
longed QT period in diabetic autonomic neuropathy: a possible role in sud-
den cardiac death. Br Heart J 1988; 59: 379-83.

Shimabukuro M, Chibana T, Yoshida H, Nagamine F, Komiya I, Takasu N.
Increased QT dispersion and cardiac adrenergic dysinnervation in diabetic
patients with autonomic neuropathy. Am J Cardiol 1996; 78: 1057-9.
Turpeinen AK, Vanninen E, Kuikka JT, Uusitupa MIJ. Demonstration of re-
gional sympathetic denervation of the heart in diabetes. Diabetes Care 1996;
19: 1083-90.

Kuo CS, Munakata K, Reddy P, Surawicz R. Characteristics and possible mecha-
nism of ventricular arrhythmia dependent on the dispersion of action poten-
tial durations. Circulation 1983; 67: 1356—-67.

Zipes DP. The long QT interval syndrome. A rosetta stone for sympathetic
related ventricular tachyarrythmias. Circulation 1991; 84: 1414-9.

. Yang T, Roden DM. Extracellular potassium modulation of drug block of Ix;:

implications for torsade de points and reverse use-dependence. Circulation
1996; 93: 407-11.

Nichols CG, Lederer WJ. Adenosine triphosphate-sensitive potassium chan-
nels in the cardiovascular system. Am J Physiol 1991; 261: H1675-H1686.
Kip KE, Faxon DP, Detre KM, Yeh W, Kelsey SF, Curier JW. Coronary
angioplasty in diabetic patients: the National Heart, Lung and Blood Institute
Percutaneous Transluminal Coronary Angioplasty Registry. Circulation 1996;
94: 1818-25.

Rao V, Weisel RD, Buth KJ, Cohen G, Borger MA, Shiono N, Bhatnagar G,
Fremes SE, Goldman BS, Christakis GT. Coronary artery bypass grafting in
patients with non-dialysis-dependent renal insufficiency. Circulation 1997; 96
(Suppl II): 1138 1143.

Herlitz J, Wogensen GB, Emanuelsson H, Haglid M, Karlson BW, Karlsson T,
Albertsson P, Westberg S. Mortality and morbidity in diabetic and non-dia-
betic patients during a 2-year period after coronary artery bypass grafting. Dia-
betes Care 1996; 19: 698-703.

Mueller HS, Cohen LS, Braunwald E, Forman S, Feit F, Ross A, Schweiger M,
Cabin H, Davidson R, Miller D, Solomon R, Knatterud GL for the TIMI
Investigators. Predictors of early morbidity and mortality after thrombolytic
therapy of acute myocardial infarction. Analyses of patient subgroups in the
Thrombolysis In Myocardial Infarction (TIMI) trial, phase II. Circulation 1992;
85: 1254-64.

Jensen T, Feld-Rasmussen B, Bjerre-Knudsen J, Deckert T. Features of en-
dothelial dysfunction in early diabetic nephropathy. Lancet 1989; i: 461-3.
Kornowski R, Mintz GS, Kent KM, Pichard AD, Satler LF, Bucher TA, Hong
MK, Pompa JJ, Leon MB. Increased restenosis in diabetes mellitus after coro-
nary interventions is due to exaggerated intimal hyperplasia. A serial intravas-
cular ultrasound study. Circulation 1997; 95: 1366-9.

Gum PA, O’Keefe JH, Borkon AM, Spertus JA, Batman TM, McGraw JP,
Sherwani K, Vacek J, McCallister BD. Bypass surgery versus coronary
angioplasty for revascularisation of treated diabetic patients. Circulation 1997,
96 (Suppl II): I17-1110.

Barness GW, Peterson ED, Ohman EM, Nelson CL, DeLong ER, Reves JG,
Smith PK, Anderson D, Jones RH, Mark DB, Califtf RM. Relationship be-
tween diabetes mellitus and long-term survival after coronary bypass and
angioplasty. Circulation 1997; 96: 2551-6.

. Weintraub WS, Mauldin PD, Becker E, Kosinski AS, King SB III. A compari-

son of the costs of and quality of life after coronary angioplasty or coronary
surgery for multivessel coronary artery disease: results from the Emory
Angioplasty Versus Surgery Trial (EAST). Circulation 1995; 92: 2831-40.
The Bypass Angioplasty Revascularization Investigation (BARI) Investigators.
Comparison of coronary bypass surgery with angioplasty in patients with
multivessel disease. New Engl ] Med 1996; 335: 217-25.

The Bypass Angioplasty Revascularization Investigation (BARI) Investigators.
Influence of diabetes on 5-year mortality and morbidity in a randomized trial
comparing CABG and PTCA in patients with multivessel disease. Circulation
1997; 96: 1761-9.

Garcia MJ, McNamara PM, Gordon T, Kannel WB. Morbidity and mortality
in diabetics in the Framingham population. Sixteen-year follow-up study. Dia-
betes 1974; 23: 105-11.

Kuususto J, Mykkinen L, Pyérili K, Laakso M. NIDDM and its metabolic
control predict coronary heart disease in elderly subjects. Diabetes 1994; 43:
960-67.

International Collaborative Group. Joint discussion: glycemia and CVD. J
Chron Dis 1979; 32: 829-37.

Ohkubo Y, Kishikawa H, Araki E, Miyata T, Isami S, Motoyoshi S, Kojima'Y,
Furuyoshi N, Shichiri M. Intensive insulin therapy prevents the progression
of diabetic microvascular complications in Japanese patients with non-insu-
lin-dependent diabetes mellitus: a randomized prospective 6-year study. Dia-
betes Research and Clinical Practice 1995; 28: 103-17.

Cleveland JC, Meldrum DR, Cain BS, Banerjeenb A, Harken AH. Oral
sulfonylurea hypoglycemic agents prevent ischemic preconditioning in hu-
man myocardium. Circulation 1997; 96: 29-32.

99. Tomai F, Crea F, Gasparone A, Versaci F, de Paulis R, de Peppo AP, Chiariello
L, Gioftré PA. Ischemic preconditioning during coronary angioplasty is pre-
vented by glibenclamide, a selective ATP-sensitive K+ channel blocker. Cir-
culation 1994; 90: 700-5.

100.Engler RL, Yellon DM. Sulfonylurea Karp blockade in Type II diabetes and
preconditioning in cardiovascular disaese. Time for reconsideration. Circula-
tion 1996; 94: 2297-301.

101.Gerich JE. Oral hypoglycemic agents. N Engl ] Med 1989; 321: 1231-45.

102.Innerfield RJ. Metformin-associated mortality in U.S. studies. N Engl ] Med
1996; 334: 1611-2.

103.UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-
glucose control with metformin on complications in overweight patients with
Type 2 diabetes (UKPDS 34). Lancet 1998; 352: 854-65.

104.Berger M, Miihlhauser I, Sawicki PT. Possible risk of sulfonylureas in the treat-
ment of non-insulin-dependent diabetes mellitus and coronary artery disease.
Diabetologia 1998; 41: 744.

105.UK Prospective Diabetes Study Group. UK Prospective Diabetes Study
(UKPDS) VIII. Study design, process and performance. Diabetologia 1991;
24: 877-90.

106.UK Prospective Diabetes Study Group. Sulfonylurea failure in non-insulin-
dependent diabetic patients over six years (UKPDS 26). Diabet Med 1998; 15:
297-303.

107.Malmberg K, Rydén L, Effendic S, Herlitz J, Nicol P, Waldenstrom A, Wedel
H. Randomised trial of insulin-glucose infusion followed by subcutaneous
insulin treatment in diabetic patients with acute myocardial infarction (DIGAMI
Study): Effects on mortality at 1 year. ] Am Coll Cardiol 1995; 26: 57-65.

108.Malmberg K, Rydén L, Hamsten A, Herlitz J, Waldenstrom A, Wedel H on
behalf of the DIGAMI study group. Effects of insulin treatment on cause-
specific one-year mortality and morbidity in diabetic patients with acute myo-
cardial infarction. Eur Heart ] 1996; 17: 1337-44.

109.Malmberg K. For the DIGAMI Study Group. Prospective randomised study
of intensive insulin treatment on long term survival after acute myocardial
infarction in patients with diabetes mellitus. Br Med J 1997; 314: 1512-5.

110.Miihlhauser I, Sawicki PT, Berger M. Possible risk of sulfonylureas in the
treatment of non-insulin-dependent diabetes mellitus and coronary artery dis-
ease. Diabetologia 1997; 40: 1492-3.

111.Farth-Ordoubadi F. Glucose-insulin-potassium therapy for treatment of acute
myocardial infarction. An overview of randomised placebo-controlled trials.
Circulation 1997; 96: 1152-6.

112.SHEP Cooperative Research Group. Prevention of stroke by antihypertensive
drug treatment in older persons with isolated hypertension. JAMA 1991; 265:
3255-64.

113.Dahléf B, Lindholm LH, Hansson L, Schersten B, Ekbom T, Wester PO.
Morbidity and mortality in Swedish trial in old patients with hypertension.
Lancet 1991; 338: 1281-5.

114.Medical Research Council Working Party. MRC trial of treatment of hyper-
tension in older adults. Br Med J 1992; 304: 405-12.

115.Curb JD, Pressel SL, Cutler JA, Savage PJ, Applegate WB, Black H, Camel G,
Davis BR, Frost PH, Gonzales N, Guthrie G, Oberman A, Rutan GH, Stamler
J, for the Systolic Hypertension in the Elderly Program Cooperative Research
Group. Effect of diuretic-based antihypertensive treatment on cardiovascular
disease risk in older diabetic patients with isolated systolic hypertension. JAMA
1996; 276: 1886-92.

116.Savage PJ, Pressel SL, Curb D, Schron EB, Applegate WB, Black HR, Cohen
J, Davis BR, Frost P, Smith W, Gonzales N, Guthrie GP, Oberman A, Rutan G,
Probstfield JL, Stamler J, for the SHEP Cooperative Research Group. Influ-
ence of long-term, low-dose, diuretic-based, antihypertensive therapy on glu-
cose, lipid, uric acid, and potassium levels in older men and women with iso-
lated systolic hypertension. Arch Intern Med 1998; 158: 741-51.

117.Sawicki PT, Miihlhauser I, Didjurgeit U, Reimann M, Bender R, Berger M.
Mortality and morbidity in treated hypertensive Type 2 diabetic patients with
micro- or macroproteinuria. Diabetic Med 1995; 12: 893-8.

118.Moser M, Ross H. The treatment of hypertension in diabetic patients. Diabe-
tes Care 1993; 16: 542-7.

119.Moser M. Why are physicians not prescribing diuretics more frequently in the
management of hypertension? JAMA 1998; 279: 1813-6.

120.Kostis JB. Effects of enalapril on mortal and morbid events in patients with
hypertension and left ventricular dysfunction. Am J Hypertens 1995; 8: 909-14.

121.Hanson L, Hedner T, Lindholm LH, Niskanen L, Lanke J, Niklason A, Karlberg
BE, de Faire U, Luomanmiki K, Dahléf B, Wester PO, Mérlin C, Bjorck JE.
The Captopril Prevention Project (CAPPP) in hypertension — Final results. J
Hypertens 1998; 16(Suppl 2)9.Z.3 (abstract and oral presentation).

122.Lacourciere Y, Nadeau A, Poirier L, Tancéde G. Captopril or conventional
therapy in hypertensive Type 2 diabetics. Three-year analysis. Hypertension
1993; 21: 786-94.

123.Packer M, Lee WH, Medina N, Yushak M, Kessler PD, Gottlieb SS. Influence
of diabetes mellitus on changes in left ventricular performance and renal func-
tion produced by converting enzyme inhibition in patients with severe chronic
heart failure. Am ] Med 1987; 82: 1119-26.

124.Sawicki PT, Kaiser S, Heinemann L, Frenzel H, Berger M. Prevalence of renal
artery stenosis in diabetes mellitus — an autopsy study. J Intern Med 1991; 229:
489-92.

125.Kumar A, Asim M, Davison AM. Taking precautions with ACE inhibitors. Br
Med J 1998; 316: 1921.

126.Arauz-Pacheco C, Ramirez LC, Rios JM, Raskin P. Hypoglycemia induced by
angiotensin-converting enzyme inhibitors in patients with non-insulin-de-
pendent diabetes receiving sulfonylurea therapy. Am J Med 1990; 89: 811-3.



REVIEWS

Cardiovascular disease in diabetes mellitus

J Clin Basic Cardiol 1999; 2: 33

127.Herings RM, de Boer A, Stricker BH, Leufkens HG, Porsius A. Hypoglycae-
mia associated with use of inhibitors of angiotensin-converting enzyme. Lan-
cet 1995; 345: 1195-8.

128.Morris A, Boyle DIR, McMahon AD, Pearce H, Evans JMM, Newton RW,
Jung RT, MacDonald TM, The DARTS/MEMO Collaboration. ACE Inibitor
use is associated with hospitalisation for severe hypoglycemia in patients with
diabetes. Diabetes Care 1997; 20: 1363-7.

129.Shorr RI, Ray WA, Daugherty JR, Griffin MR. Antihypertensives and the risk
of serious hypoglycemia in older persons using insulin or sulfonylureas. JAMA
1997; 278: 40-3.

130.The Danish Study Group on Verapamil in Myocardial Infarction. The Danish
studies on verapamil in acute myocardial infarction. Br J Clin Pharmacol 1986;
21: 197S-204S.

131.Lichtlen PR, Hugenholtz PG, Rafflenbeul W, Hecker H, Jost S, Deckers JW,
on behalf of the INTACT Group. Retardation of angiographic progression of
coronary artery disease by nifedipine: results of the International Nifedipine
Trial on Antiatherosclerotic Therapy (INTACT). Lancet 1990; 335: 1109-13.

132.Goldbourt U, Behar S, Reicher-Reis H, Zion M, Mandelzweig L, Kaplinsky
E, for the SPRINT Study Group. Early administration of nifedipine in sus-
pected acute myocardial infarction: the Secondary Prevention of Reinfarction
Israel Nifedipine Trial 2 Study. Arch Intern Med 1993; 153: 345-53.

133.Borhani NO, Mercuri M, Borhani PA, Buckalew VM, Canossa-Teriss M, Carr
AA Kappagoda T, Rocco MV, Schnaper HW, Sowers JR, Bond MG. Final out-
come results of the multicenter isradipine diuretic atherosclerosis study
(MIDAS). A randomised controlled trial. JAMA 1996; 276: 785-91.

134.Byington RE, Craven TE, Furberg CD, Pahor M. Isradipine, raised glycosylated
haemoglobin, and risk of cardiovascular events. Lancet 1997; 350: 1075-6.

135.Estacio RO, Jefters BW, Hiatt WR, Biggerstaff SL, Gifford N, Schrier RW. The
effect of nisoldipine as compared with enalapril on cardiovascular outcomes in
patients with non-insulin-dependent diabetes and hypertension. N Engl ] Med
1998; 338: 645-52.

136.Tatti P, Pahor M, Byington RP, Di Mauro P, Guarisco R, Strollo G, Strollo F.
Outcome results of the fosinopril versus amlodipine cardiovascular events
randomized trial (FACET) in patients with hypertension and NIDDM. Dia-
betes Care 1998; 21: 597-603.

137.Cruickshank JM. The case for beta-blockers as first-line antihypertensive
therapy. ] Hypertens 1992; 10 (Suppl 3): S21-S27.

138.Lewis EJ, Hunsicker LG, Bain RP, Rohde RD. The effect of angiotensin-con-
verting-enzyme inhibition on diabetic nephropathy. N Engl ] Med 1993; 329:
1456-62.

139.Bjorck S, Mulec H, Johnsen SA, Norden G, Aurell M. Renal protective effect
of enalapril in diabetic nephropathy. Br Med J 1992; 304: 339-42.

140.Sawicki PT, Miihlhauser I, Berger M. Captopril, blood pressure, and diabetic
nephropathy. JAMA 1994; 272: 1005.

141.Sawicki PT, Berger M. Renal protective effect of enalapril in diabetic neph-
ropathy. Br Med J 1992; 304: 841-2.

142.Bauer JH, Reams GP, Hewett J, Klacho D, Lau A, Messina C, Knaus V. A
randomised, double-blind, placebo-controlled trial to evaluate the effect of
enalapril in patients with clinical diabetic nephropathy. Am J Kidney Dis 1992;
20: 443-457.

143 Elving LD, Wetzels JMF, van Lier HJJ, de Nobel E, Berden JHM. Captopril
and atenolol are equally effective in retarding progression of diabetic neph-
ropathy. Diabetologia 1994; 37: 604-9.

144.Weidmann P, Boehlen M, de Courten M. Effects of different antihypertensive
drugs on human proteinuria. Nephrol Dial Transplant 1993; 8: 582—4.

145.Parving HH, Rossing P. The use of antihypertensive agents in prevention and
treatment of diabetic nephropathy. Current Opinion in Nephrology and Hy-
pertension 1994; 3: 292-300.

146.Rossing P, Tarnow L, Boelskifte S, Jensen BR, Nielsen FS, Parving HH. Dif-
ferences between nisoldipine and lisinopril on glomerular filtration rates and
albuminuria in hypertensive IDDM patients with diabetic nephropathy dur-
ing the first year of treatment. Diabetes 1997; 46: 481-7.

147.Sawicki PT. Stabilisation of glomerular filtration rate over two years in pa-
tients with diabetic nephropathy and intensified therapy regimes. Nephrol Dial
Transplant 1997; 12: 1890-9.

148.Sawicki PT, Miihlhauser I, Didjurgeit U, Baumgartner A, Bender R, Berger
M. Intensified antihypertensive therapy is associated with improved survival
in Type 1 diabetic patients with nephropathy. ] Hypertens 1995; 13: 933-8.

149.Parving H-H, Hommel E. Prognosis in diabetic nephropathy. Br Med J 1989;
99: 230-3.

150.Mathiesen ER, Borch-Johnsen K, Jensen DV, Deckert T. Improved survival in
patients with diabetic nephropathy. Diabetologia 1989; 32: 884—6.

151.Maschio G, Alberti D, Janin G, Locatelli F, Mann JE, Motolese M, Ponticelli
C, Ritz E, Zuchelli and the Angiotensin-Converting-Enzyme Inhibition in
Progressive Renal Insufficiency Study Group. The effect of the angiotensin-
converting-enzyme inhibitor benazapril on the progression of chronic renal
insufficiency. N Engl ] Med 1996; 334: 939-945.

152.Readon LC, Macpherson DS. Hyperkalemia in outpatients using angiotensin-
converting enzyme inhibitors. How much should we worry? Arch Intern Med
1998; 158: 26-32.

153.Uribarii J, Oh MS, Carrol HJ. Hyperkalemia in diabetes mellitus. ] Diab
Complic 1990; 4: 3-7.

154.Johnston RT, de Bono DP, Nyman CR. Preventable sudden death in patients
receiving converting enzyme inhibitors and loop/potassium sparing diuretic
combinations. Int J Cardiol 1992; 34: 830-2.

155.Legrain M, Rottembourg J, Bentsikou A, Poignet JL, Issad B, Barthelemy A,
Strippoli, Gahl GM, de Groc E. Dialysis treatment of insulin-dependent dia-
betic patients: Ten years’ experience. Clin Nephrol 1984; 21: 72-81.

156.Montoliu J, Revert L. Lethal hyperkalemia with severe hyperglycemia in dia-
betic patients with renal failure. Am J Kidney Dis 1985; 5: 47-8.

157.Strojek K, Grzeszczak W, Kokot F, Wiecek A. Wplyw inhibitoréw konwertazy
angiotensyny na poziom erytropoetyny u chorych na cukrzyce. Klinika 1994;
3:42-4.

158.Hirakata H, Onoyama K, Horiki K, Fujishima M. Participation of the renin-
angiotensin system in captopril-induced worsening of anaemia in chronic
hemodialysis patients. Clinical Nephrology 1986; 26: 27-32.

159.Herrlin B, Nyquist O, Sylvén C. Induction of a reduction in haemoglobin
concentration by enalapril in stable, moderate heart failure: a double blind
study. Br Heart ] 1991; 66: 199-205.

160.Moy CS, LaPorte RE, Dorman JS, Songer TJ, Orchard TJ, Kuller LH, Becker
DJ, Drash AL. Insulin-dependent diabetes mellitus mortality. The risk of ciga-
rette smoking. Circulation 1990; 82: 37-43.

161.Gay EC, CaiY, Gale SM, Baron A, Cruickshanks KJ, Kostraba JN, Hamman
RF. Smokers with IDDM experience excess mortality. The Colorado IDDM
registry. Diabetes Care 1992; 15: 947-52.

162.Rosengren A, Welin L, Tsipogianni A, Wilhelmsen L. Impact of cardiovascular
risk factors on coronary heart disease and mortality among middle aged dia-
betic men: a general population study. Br Med J 1989; 299: 1127-31.

163.Morrish NJ, Stevens LK, Head J, Fuller JH, Jarrett RJ, Keen H. A prospective
study of mortality among middle-aged diabetic patients (the London cohort of
the WHO multinational study of vascular disease in diabetics) II: associated
risk factors. Diabetologia 1990; 33: 542-8.

164.Ford ES, DeStefano F. Risk factors for mortality from all causes and from coro-
nary heart disease among persons with diabetes. Findings from the National
Health and Nutrition Examination Survey I. Epidemiological follow-up study.
Am J Epidemiol 1991; 133: 1220-30.

165.Sawicki PT, Mithlhauser I, Bender R, Pethke W, Heinemann L, Berger M.
Effects of smoking on blood pressure and proteinuria in patients with diabetic
nephropathy. J Int Med 1996; 239: 345-52.

166.Sawicki PT, Didjurgeit U, Miihlhauser I, Bender R, Heinemann L, Berger M.
Smoking is associated with progression of diabetic nephropathy. Diabetes Care
1994; 17: 126-31.

167.Stegmayr B, Lithner F. Tobacco and end stage diabetic nephropathy. Br Med J
1987; 295: 581-2.

168.Miihlhauser I. Smoking and diabetes. Diabetic Med 1990; 7: 10-5.

169.Sawicki PT, Didjurgeit U, Miihlhauser I, Berger M. Behaviour therapy versus
doctor’s anti-smoking advise in diabetic patients. J Int Med 1993; 234: 407-9.

170.Henningfield JE. Nicotine medications for smoking cessation. N Engl ] Med
1995; 333: 1196-1203.

171.Koskinen P, Minttiri M, Manninen V, Huttunen JK, Heinonen OP, Frick MH.
Coronary heart disease incidence in NIDDM patients in the Helsinki Heart
Study. Diabetes Care 1992; 15: 820-5.

172.Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, Brown
L, Warnica JW, Arnold JM, Wun CC, Davis BR, Braunwald E, for The Choles-
terol and Recurrent Events Trial Investigators. The effect of pravastatin on
coronary events after myocardial infarction in patients with average choles-
terol levels. N Engl ] Med 1996; 335: 1001-9.

173.Pyorili K, Pedersen TR, Kjekshus J, Faergeman O, Olsson AG, Thorgeirsson
G, The Scandinavian Simvastatin Survival Study (4S) Group. Cholesterol low-
ering with simvastatin improves prognosis of diabetic patients with coronary
heart disease. Diabetes Care 1997; 20: 614-20.

174.Antiplatelet Trialists” Collaboration. Collaborative overview of randomised trial
of antiplatelet therapy, I: prevention of death, myocardial infarction, and stroke
by prolonged antiplatelet therapy in various categories of patients. Br Med J
1994; 308: 81-106.

175.Colwell JA, Bingham SF, Abreira C, Anderson JW, Comstock JP Kwaan HC,
and the Cooperative Study Group. Veterans Administration co-operative study
on antiplatelet agents in atherosclerotic vascular diseases rates. Diabetes Care
1986; 9: 140-8.

176.Early Treatment of Retinopathy Study Investigators. Aspirin effects on mor-
tality and morbidity in patients with diabetes mellitus. Early treatment dia-
betic retinopathy study report 14. JAMA 1992; 268: 1292-1300.

177 Yudkin J. Which diabetic patients should be taking aspirin? Br Med J 1995;
311: 641-2.



Mitteilungen aus der Redaktion

Besuchen Sie unsere
zeitschriftenubergreifende Datenbank

I Bilddatenbank VI Artikeldatenbank VI Fallberichte

e-Journal-Abo
Beziehen Sie die elektronischen Ausgaben dieser Zeitschrift hier.
Die Lieferung umfasst 4-5 Ausgaben pro Jahr zzgl. allfalliger Sonderhefte.
Unsere e-Journale stehen als PDF-Datei zur Verfiugung und sind auf den meisten der markt-
ublichen e-Book-Readern, Tablets sowie auf iPad funktionsfahig.

I Bestellung e-Journal-Abo

Haftungsausschluss

Die in unseren Webseiten publizierten Informationen richten sich ausschlieBlich an geprifte
und autorisierte medizinische Berufsgruppen und entbinden nicht von der arztlichen Sorg-
faltspflicht sowie von einer ausflhrlichen Patientenaufklarung tber therapeutische Optionen
und deren Wirkungen bzw. Nebenwirkungen. Die entsprechenden Angaben werden von den
Autoren mit der grof3ten Sorgfalt recherchiert und zusammengestellt. Die angegebenen Do-
sierungen sind im Einzelfall anhand der Fachinformationen zu Gberprifen. Weder die Autoren,
noch die tragenden Gesellschaften noch der Verlag Gbernehmen irgendwelche Haftungsan-
spruche.

Bitte beachten Sie auch diese Seiten:
Impressum Disclaimers & Copyright Datenschutzerklarung



http://www.kup.at/impressum/index.html
http://www.kup.at/impressum/disclaimer.html
http://www.kup.at/impressum/datenschutz.html
http://www.kup.at/cgi-bin/gratis-abo.pl
http://www.kup.at/db/abbildungen.html
http://www.kup.at/db/index.html
http://www.kup.at/db/index.html
http://www.kup.at/abo/index.html

